In critically ill neonates and infants, major interventions, including thoracotomy, may result in significant postoperative respiratory insufficiency and pain leading to the need for postoperative mechanical ventilation. Although there are many potential options for providing postoperative analgesia, there continues to be expanding use of regional anesthesia in this population. One of the many reported advantages is the provision of postoperative analgesia while avoiding the deleterious effects on respiratory function that may be seen with systemic opioids. We report the use of thoracic epidural anesthesia using a continuous infusion of chloroprocaine to provide analgesia following thoracotomy and epicardial pacemaker placement in an infant. The perioperative plan was complicated by comorbid conditions including congenital complete heart block, recent rhinovirus infection with residual respiratory involvement, and prematurity.
Introduction
Approximately 1% of all pacemakers are implanted in infants and children. 1 The majority of these are required for complete heart block related to surgery for congenital heart disease or congenitally acquired problems. 2, 3 Although there has been recent progress suggesting that the transvenous route may be feasible, due to size constraints, the majority require an open thoracotomy and placement of epicardial leads. [4] [5] [6] In critically ill neonates and infants, major interventions including thoracotomy may result in significant postoperative respiratory insufficiency and pain, leading to the need for postoperative mechanical ventilation. While various options are available for the provision of analgesia following major surgical procedures including systemic opioids and regional anesthetic techniques, intravenous opioids may result in sedation and respiratory depression. To avoid such issues, there has been increased use of regional anesthesia, even in the neonatal and infant population. [7] [8] [9] [10] [11] We report the use of thoracic epidural anesthesia using a continuous infusion of chloroprocaine to provide analgesia following thoracotomy and epicardial pacemaker placement in an infant with comorbid conditions including congenital complete heart block, recent rhinovirus infection with residual respiratory involvement, and prematurity.
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Kamata et al ondary to a prenatal diagnosis of complete heart block with development of oligohydramnios. Her electrocardiogram at birth showed complete heart block and prolonged a QT interval. The initial heart rate (HR) was 51 bpm, with a QRS interval of 160 ms and a QTc of 558 ms. The maternal history was positive for systemic lupus erythematosus and diet-controlled gestational diabetes mellitus. Although the initial postpartum HR was 50 bpm, her hemodynamic status was stable, with no evidence of compromised end-organ perfusion. On day of life 17, her HR slowed to 30 bpm, and isoproterenol was started at 0.2 µg/kg/min. Although she was initially scheduled for pacemaker placement at 2-3 weeks of age, it was decided to postpone the procedure and wait for further weight gain. During the 4th week of life, she was diagnosed with a rhinovirus infection with an increase in nasal secretions and tachypnea. Over the ensuing days, there was progressive respiratory compromise requiring high-flow nasal cannula (HFNC) to treat respiratory insufficiency. HFNC at 6-10 L/min was required for approximately 2 weeks. As the acute rhinovirus infection resolved, the HFNC was weaned back to standard nasal cannula with a flow rate of 0.2-0.5 L/min. At 6 weeks of life with a weight of 3.0 kg, it was decided to proceed with pacemaker placement. Echocardiogram 2 days prior to surgery showed a small patent foramen ovale, mild tricuspid and aortic valve regurgitation, mild enlargement of all cardiac chambers, and mildly depressed ventricular systolic function. Her medication regimen included furosemide twice a day and an isoproterenol infusion at 0.46 µg/kg/min. Laboratory evaluation 3 days prior to the procedure showed a hemoglobin of 12.3 g/dL, a hematocrit of 38.2%, and a platelet count of 222,000/mm 3 . Coagulation function, including prothrombin time and partial thromboplastin time, were normal for age. The patient was transported to the operating room, and routine American Society of Anesthesiologists' monitors were placed. Baseline vital signs revealed an HR of 63 bpm, blood pressure of 86/62 mmHg, respiratory rate of 60 breaths/ minute, with an oxygen saturation of 91% on 0.2 lpm of oxygen via nasal cannula. Following preoxygenation with 100% oxygen, anesthesia was induced with sevoflurane (inspired concentration 4%), fentanyl (3.3 µg/kg), and rocuronium (1 mg/kg). After a 3.0 mm cuffed endotracheal tube was placed, a 24-gauge intravenous cannula and a 24-gauge radial arterial cannula were placed. Following anesthetic induction and tracheal intubation, the caudal epidural space was accessed through the sacrococcygeal ligament with an 18-gauge, 4.45 cm (1¾ inch) Crawford needle, and a 20-gauge, single orifice epidural catheter was threaded to T 5 level. After negative aspiration for blood, the epidural catheter was dosed with 0.1 mL/kg of 0.2% ropivacaine with 1:200,000 epinephrine. When there was no response noted, the bolus dose of 3 mL was administered in increments. There was no change in the hemodynamic parameters during anesthetic induction, epidural catheter insertion, and subsequent dosing. Anesthesia was maintained with isoflurane (end-tidal concentration 0.3%-0.8%). There was no change in the hemodynamic parameters with skin incision for thoracotomy. No additional opioids were administered intraoperatively. A left thoracotomy was performed for epicardial pacemaker lead placement as well as the abdominal incision for the pocket for a generator. After pacemaker placement, pacing was initiated at setting of VVI with a rate of 120 bpm, and the isoproterenol infusion was discontinued. The surgical duration was 93 minutes. The patient was turned to the supine position, and her trachea was extubated in the operating room. She was transported to the cardiothoracic intensive care unit. Postoperative analgesia was provided by a continuous epidural anesthesia of 1.5% chloroprocaine at 3 mL/hour (1 mL/kg/hour). Other adjunctive pain medication included intravenous acetaminophen for every 6 hours for 72 hours and as-needed doses of intravenous fentanyl (0.5 µg/kg) and oral oxycodone. Postoperative pain scores assessed using the FLACC (face, legs, activity, cry, consolability) scoring system were 0-2 during the first 48 postoperative hours. During this time, two doses of intravenous fentanyl and one dose of oral oxycodone were administered. The epidural infusion was discontinued, and the catheter removed on postoperative day (POD) 3. The patient was transferred to the inpatient floor on POD 4 and discharged to home on POD 8. Her postoperative course was uncomplicated. There were no major issues and complications.
Discussion
Neonates and infants who undergo major abdominal and thoracic surgery with general anesthesia often require a period of postoperative ventilation. The combination of low birth weight, prematurity, and extensive upper abdominal and thoracic surgery places the neonate at risk for needing prolonged mechanical ventilation. These issues are further compounded by the respiratory effect of pain related to upper abdominal or thoracic procedures. In our patient, several comorbid factors were present including the congenital heart block which resulted in low cardiac output at baseline with a resting HR of 50-60 bpm, preterm birth, and recent rhinovirus infection with an ongoing oxygen requirement. abdominal incision with tissue dissection to create a pocket for the pacemaker placement.
Given these concerns and the need to avoid the potential deleterious effects of opioids on respiratory function, we chose to use regional anesthesia (thoracic epidural anesthesia). As there remains a concern regarding the potential for spinal cord damage with direct thoracic placement of an epidural catheter, various investigators have reported techniques to advance a catheter from the caudal level to the thoracic dermatomes. 7, 8 In the original study by Bösenberg et al, 8 an examination of human cadaver specimens suggested the feasibility of the technique which was followed by demonstration of its efficacy in piglets. The technique was then applied to 20 infants ranging in age from 4 weeks to 5 months and in weight from 2.7 to 6.5 kg for biliary surgery. In 19 of 20 patients, the catheter tip was within one vertebra of the goal of T 7 . In the remaining patient, the tip was at T12. In 14 of 20 patients, slight resistance was noted, which was dealt with by gentle flexion and extension of the back with subsequent catheter insertion. Subsequently, as others evaluated the technique, modifications were suggested including use of nerve stimulation or fluoroscopy during placement or the injection of radio-opaque dye to demonstrate catheter location after placement to ensure its correct location at the desired dermatomes.
12-14 Our current clinical practice is the use of a radio-opaque catheter (Flextip Plus ® Catheter for Caudal Placement; Arrow International, Reading, PA, USA). Its appearance on a plain radiograph is demonstrated in Figure  1 . Given the potential for the catheter to loop back caudally during blind placement, we have also found ultrasound useful during placement to ensure continued cephalad movement as the catheter is advanced.
Despite its efficacy, concerns remain regarding the potential morbidity related to systemic toxicity following the initial bolus dose of subsequent infusion of amide-type local anesthetic agents used. Infants may have greater risks from local anesthetic toxicity compared with adults. They generally require a larger volume of the local anesthetic agent to achieve epidural anesthesia than adults, and given their cognitive state are unable to report the initial symptoms of local anesthetic toxicity. Besides, most regional anesthetic procedures in infants are performed during general anesthesia, thereby eliminating the ability to detect increasing plasma concentrations. Agitation as a prodromal symptom of local anesthetic toxicity may be misinterpreted as pain, leading to the administration of additional bolus doses or an increase in the infusion rate.
These factors are compounded by the fact that the metabolism and elimination of amide-type local anesthetic agents are delayed in neonates given the immaturity of their hepatic microsomal enzymes. Infants have a decreased plasma concentration of α 1 -acid glycoprotein, the principal binding protein for local anesthetic agents, thereby resulting in an increased concentration of the unbound (free) amide local anesthetic agents. The plasma concentration of α 1 -acid glycoprotein levels in neonates and infants younger than 6 months can be less than 50% of that in children and adults. 15 Furthermore, the limited data from epidural anesthesia in infants and children demonstrate a risk of bupivacaine accumulation during prolonged infusions. 16 In a cohort of eight infants, ranging in age from 3 to 12 months, a continuous infusion of bupivacaine infused at an average rate of 0.38 mg/ kg/hour resulted in a concentration of 2.02 µg/mL (reported toxic level in adults $2 µg/mL) and evidence of accumulation, with increasing concentrations in three of the eight patients at the time the infusion was discontinued after 32 hours of use. Our patient also had an underlying prolonged QT interval, which may predispose to local anesthetic toxicity from the effects of local anesthetic agents on the cardiac conduction system. Given these concerns, others have suggested that ropivacaine or lidocaine may be a more appropriate alternative. 17, 18 It has been demonstrated that ropivacaine concentrations do not show the same pattern of potential accumulation as bupivacaine, while lidocaine has been anecdotally reported with its suggested advantages being the ease of Chloroprocaine is an ester local anesthetic which provides a rapid onset of anesthesia with a potency and duration of action comparable to procaine. 19, 20 Chloroprocaine has a very short duration of action with a plasma half-life of 20-25 seconds in adults and 40 seconds in neonates. 21 As it is metabolized by plasma esterases, there is no clinically significant difference in metabolism based on chronologic or gestational age. Given the concerns regarding accumulation and the potential for local anesthetic toxicity, our current practice includes the routine use of chloroprocaine for epidural anesthesia and analgesia in neonates and young infants.
To date, there are a limited number of reports regarding the use of chloroprocaine for epidural anesthesia in neonates. 9, 22, 23 As a means of avoiding the need for general anesthesia, Henderson et al 22 reported the use of caudal epidural anesthesia with chloroprocaine as a bolus followed by an infusion to provide surgical anesthesia during sub-umbilical surgery in a cohort of ten former preterm infants, who were 35 to 49.5 weeks postconceptional age at the time of surgery. Given the prolonged duration of the surgical procedure, the authors felt that the dosing requirements for bupivacaine would exceed the upper limits of safety. Plasma 2-chloroprocaine concentrations were measured in five infants and found to be zero or well below the toxic level. A similar technique has been combined with general anesthesia to allow for early tracheal extubation following intra-abdominal procedures in neonates. 9 Anecdotal experience has also demonstrated the utility of using chloroprocaine for providing postoperative epidural analgesia. 24, 25 Given the limited clinical experience with the use of chloroprocaine for postoperative analgesia, we have extrapolated postoperative dosing from intraoperative administration and infusion rates. In the two largest series in neonates and infants, effective analgesia/anesthesia was obtained with a loading dose of 1.0-1.5 mL/kg followed by a continuous infusion of 1.0-1.5 mL/kg/hour. 9, 22 Previously, concerns had been expressed regarding the potential for neurotoxicity related to the low pH of the solution and the preservative, sodium metabisulfite, which was in the commercially available chloroprocaine solutions. 19, 26 This was subsequently replaced with a solution containing ethylenediaminetetraacetic acid (EDTA) as a preservative. The use of this solution has been reported to cause transient back pain following epidural anesthesia. 27 These effects are thought to result from local binding of calcium by EDTA with resultant tetany of the paraspinus muscles.
Currently, the chloroprocaine in use in most countries is preservative-free.
In summary, we present anecdotal experience with thoracic epidural analgesia following thoracotomy and pacemaker placement in a high-risk infant. Our patient had several comorbid features which placed her at respiratory for perioperative respiratory insufficiency, including a combined abdominal and thoracic incision, recent rhinovirus infection with residual respiratory involvement, a prolonged QT interval, and prematurity. In order to avoid the deleterious effects of opioids on respiratory function and the need for postoperative mechanical ventilation, postoperative analgesia was provided by a continuous thoracic epidural anesthesia. Considering the patient's prematurity and chronological age, chloroprocaine was used to minimize the potential for local anesthetic systemic toxicity. Given its rapid metabolism, the plasma halflife of chloroprocaine is approximately 40 seconds, even in neonates. The utility of such a practice is demonstrated by a recent case report reporting a transient wide-complex bradycardia (HR 30 beats/minute) with spontaneous resolution in 30 seconds following the inadvertent intravenous injection of chloroprocaine in a 2-month-old infant during regional anesthesia. 28 Despite its limited use in current clinical practice, we suggest that chloroprocaine should be considered for regional anesthesia in neonates and infants when a continuous infusion is in use. Future studies are needed to more fully evaluate its efficacy and adverse profile.
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